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THE RECOVERY OF SKELETAL REMAIN 
 IN A BURNED VEHICLE SCENARIO 
SHANA J. SPRINGMAN 
ABSTRACT 
Forensic archaeology applies archaeological methods to crime scenes which 
provides better documentation and a more complete recovery of skeletal remains. It is 
important to have a recovery protocol for burned vehicle scenarios that will help to 
recover more skeletal remains and aid in the investigative process. White-tailed deer 
(Odocoileus virginianus) remains and pig (Sus scrofa) mandibles were burned in two 
recycled vehicles. Recovery protocols outlined by previous researchers and screening 
methods were tested in this study to determine the most effective recovery method to be 
used in a burned vehicle scenario. Screening methods that were tested include wet 
screening, dry screening, 1/4-inch mesh, and 1.0 mm mesh screen sizes. A univariate 
ANOVA test was conducted using the total mass percentages of skeletal remains 
recovered from each separate screening method. The p value from this statistical test was 
0.938 and was not significant. The results demonstrated that no individual screening 
method was significantly more effective than another screening method even though more 
skeletal remains were recovered using wet screening and 1.0 mm mesh screen size. The 
recovery of identified skeletal remains was tested by comparing the total mass percentage 
of identified skeletal remains recovered between wet and dry screening methods. The p 
value for this univariate ANOVA test was 0.421. Neither wet or dry screening methods 
were statistically more effective when recovering identifiable skeletal fragments during 
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the comparative process, but wet screening overall recovered more identifiable skeletal 
remains.  
Based on the results of this study, it is recommended that recovery protocols used 
in a burned vehicle scenario include using personal protective equipment to prevent 
inhaling toxins from the burned vehicles. Further, the vehicle should be split into zones 
for recovery to facilitate proper documentation of the skeletal remains. The large burned 
car debris should be removed from above and around the immediate area of the skeletal 
remains. Larger identifiable skeletal remains should be recovered first, placed in labeled 
bags, and placed in a container for transportation to the laboratory. Smaller skeletal 
remains and ash matrix should be recovered using a small soft bristle brush and small 
make-up brushes, and the ash should be swept into a dust pan for removal from the 
vehicle. The ash matrix should be placed in a large bucket and covered with a lid when 
excavation is complete so that the bucket can be safely transported to an area where the 
remains can be screened. Screening methods should include the use of wet screening and 
a smaller screen size than 1/4-inch, such as 1/8-inch or 1.0 mm mesh screen sizes.  
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INTRODUCTION 
 
Recovery of Burned Skeletal Remains 
 Forensic anthropology applies methods of skeletal analysis to medico-legal death 
investigations, including field recoveries (Dirkmaat et al. 2008; Schultz and Dupras 
2008). Forensic archaeologists apply archaeological methods to assist law enforcement 
personnel with locating, excavating, and recovering skeletal remains within a recent 
context (Schultz and Dupras 2008). Applying archaeological methods to a crime scene, 
especially a fatal fire scene, provides a more detailed documentation of the scene and 
evidence than law enforcement has been able to provide in the past (Schultz and Dupras 
2008). Recovery of burned skeletal remains is needed when an individual’s death occurs 
from a fatal fire event, such as a burning house, burning vehicle, or explosions   
(Dirkmaat et al. 2012; Dupras et al. 2012; Fairgrieve 2008; Porta et al. 2013; Ubelaker 
2008). A vehicle fire could result from an accident, a flaw within a vehicle, an attempt to 
cover up a crime, or utilization during a suicide (Ubelaker 2008). Vehicles can also ignite 
through processes that involve collisions, faulty electrical systems, leaking fuel systems, 
or intentional use by an individual of accelerants to get rid of evidence (Fairgrieve 2008). 
In the years 2003-2007, there were 287,000 vehicle fires per year in the United States 
(U.S.) which resulted in 480 deaths and 1525 injuries on average (Ahrens 2010). The 
majority of the fires involved highway vehicle fires, with a small percentage resulting 
from aircraft fires (Ahrens 2010). It is important to have a better understanding of 
recovery protocols and different screening methods that can be utilized in vehicle fire 
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scenarios so that the majority of the skeletal remains can be recovered from the fatal fire 
scene.  
Fires can destroy bone and evidence and damage or alter skeletal materials 
(Dirkmaat et al. 2008). Crime scenes that involve burned victims can result in fragmented 
skeletal remains are often difficult to process and collect evidence from, because most 
evidence is fragmented, and the context of the remains may be lost after the burn is 
completed (Ismaili et al. 2015; Ubelaker 2008). The severe fragmentation of the remains 
after burning means that the forensic anthropologist must take extra care when handling 
them (Ubelaker 2008). However, each crime scene will be different, which can result in 
different states of the body, from still having burned soft tissue to leaving behind 
fragmented calcined skeletal remains.  
The adaptability of the forensic anthropologists’ methods to different crime 
scenes, recognizing burned skeletal remains, knowing how skeletal remains are altered by 
the burn environment, and recovering all skeletal remains from the crime scene, all 
contribute to the investigation (Buikstra and Swegle 1989; Cox and Hunter 2005). First, 
the forensic anthropologist will need to locate and identify all human skeletal elements at 
the scene, which is more difficult to do when the crime scene was burned (Dirkmaat et al. 
2008). Complete recovery of the skeleton is needed in order to determine the biological 
profile that includes sex, age, ancestry, and stature, and to document any individual 
identifying characteristics (Cunha and Cattaneo 2006; Schultz and Dupras 2008; Haglund 
and Simmons 2005). It is also important to document and recover everything at the crime 
scene so that forensic personnel across multiple disciplines can have access to this 
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information during the laboratory analysis, since processing a crime scene is a destructive 
process, and once the evidence is removed no further information can be gained from the 
crime scene (Cox and Hunter 2005; Schultz and Dupras 2008). Therefore, forensic 
archaeological methods and documentation practices are used in crime scenes so that law 
enforcement can have as much information as possible to identify the decedent and 
reconstruct events leading up to the individuals’ death.  
 
Changes in Burned Skeletal Remains 
It is important for investigators to know the appearance of burned remains prior to 
attempting to recover burned skeletal remains in the field. Waterhouse (2013a; 2013b; 
2013c) conducted a study in which they burned remains until they were fragmented and 
then measured and sorted them into shape and size categories (small, longitudinal, and 
non-longitudinal series). These categories give an indication of the size and shape of 
typical burned remains in a woodfire scenario. In addition, it was demonstrated that the 
fragmentation of burned remains is increased over increasing time exposed to fire and is 
impacted by different environmental conditions. Specifically, Waterhouse (2013b) found 
that burned remains that were left in freeze-thaw conditions fragmented more than 
remains that were left in freezing conditions, and burned remains that were left in wet 
conditions were intermediate to the other two environments.  
As skeletal remains are burned they proceed through a series of changes in 
accordance with the temperature they are exposed to and the amount of time that they are 
in the burn environment. Bone includes organic content (primarily collagen) which 
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makes up about 25%, inorganic mineral matrix which is about 60%, and water which is 
about 9.7% of the bone (Castillo et al. 2013; Mamede 2017; Symes et al. 2012; Symes et 
al. 2015; Waterhouse 2013b). Chemical and mechanical changes occur in the bone while 
burning that lead to a decrease in mechanical strength, an increase in different types of 
fracturing and further fragmentation, a reduction of mass, an increase in shrinkage and 
warping, and a change of color (Castillo et al. 2013; Devlin and Herrmann 2015; 
Mamede 2017; Symes et al. 2015; Thompson 2004).  
As bone is exposed to the burn environment, a change of color can be observed 
where the original beige color progresses to a black (carbonized), gray-blue, gray, and 
white (Correia 1996; Devlin and Herrmann 2015; Gonçalves 2011; Symes et al. 2014; 
Symes et al. 2015; Ulguim 2015; Walker, Miller and Richman 2008). The coloration of 
the bones after being burned can vary between skeletal elements as well as within the 
same element or fragment of bone (Ulguim 2015). Coloration can also vary according to 
the environment that the bones are being burned in (Walker, Miller and Richman 2008). 
Carbonization is the point when the bones have reached a blackened state from direct 
contact to flames and the organic molecules are broken down, some elements are released 
into the atmosphere, and carbon remains behind in the bone (Symes et al. 2014). In a 
study conducted by Mamede (2017) on burned remains, it was stated that bones burned at 
400⸰ C resulted in a dark gray coloration. Correia (1996) found that carbonized remains 
were easier to identify compared to calcined remains. Remains that are colored gray, 
gray-white, and chalky white are considered calcined bone. Mamede (2017) stated that 
bones burned above 500⸰ C resulted in lighter colors, or calcified remains. Calcined bone 
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is more brittle and fragile and cannot be measured and used for most skeletal analyses 
due to fracturing, shrinking, and deformation of the fragments while being burned 
(Symes et al. 2014). Fully calcined remains have a complete loss of organic materials and 
have become completely dehydrated to the point where the only material left is fused 
bone salts (Symes et al. 2015; Waterhouse 2013a). Coloration of bones is not only 
affected by higher temperatures, but also is affected by oxygen availability (Arora 2010). 
Therefore, the change in coloration of the skeletal elements can help investigators 
understand the intensity, conditions, and duration spent within the burn environment 
(Ulguim 2015). 
Shipman et al. (1984) conducted an experiment where they burned sheep and goat 
to examine the effects of heat on bone by observing color changes, microscopic 
morphology changes, shrinkage of the skeletal elements, and changes in the crystalline 
structure of the bone. This experiment was done to determine the maximum temperature 
the skeletal remains were exposed to and attempt to determine the bones original 
dimensions from the remains (Shipman et al. 1984). They determined that change in 
coloration by itself cannot be used to determine the temperature of the fire, and that 
microscopic changes would be more useful to determine this (Shipman et al. 1984). They 
also noted that the shrinkage of the bones was related to the intensity of the fire that the 
bones were exposed to (Shipman et al. 1984).  
Bones can shrink and warp from stress and strain within the bone structure 
because of moisture loss during the burn. Castillo et al. (2013) examined the histological 
structure of the bone to determine how bone changed shape as the temperature increased, 
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showing how the organic material is destroyed and caused the structure of the bone to 
weaken. Bone shrinkage depends on how the bones are distributed during the burn, how 
much mineral content was in the bone, whether the bones were fleshed or not, and how 
long the bones were exposed to high temperatures (Arora et al. 2010; Correia 1996). 
Mamede (2017) stated that a majority of the loss in mass of burned skeletal remains 
occurred around 600⸰C, and slightly decreased up to 1,000⸰C where the lowest mass of 
the skeletal remains is reached. Weight loss mostly results from dehydration and 
decomposition of the organic component of the remains during the burn process 
(Gonçalves 2011). Gonçalves (2011) stated from previous research that warping of the 
skeletal remains can result from the contraction of muscle fibers, or could result from 
heat that is trapped within the hollow shaft of long bones that bend the bone. It was also 
stated that warping could depend on the preservation of collagen and collagen-apatite 
bonds in the bone, and not as a result of the presence of soft tissue on the skeletal remains 
before the burn event (Gonçalves 2011). 
Stiner et al. (1995) examined the levels of burning damage to the crystal structure 
of bone and how this affected the fragmentation of skeletal remains as they were exposed 
to higher temperatures. They noted that unburned bones are stronger compared to burned 
bones, and that the temperature of the burn environment affected the mechanical strength 
of the bone (Stiner et al. 1995). They also found that the identifiability of the skeletal 
remains was reduced as the color reached a carbonized state and beyond until the point of 
calcination when small fragments remain (Stiner et al. 1995).  
Bones also fracture and fragment during burning as they are exposed to higher 
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temperatures. Bone fragmentation and fracture lines are influenced by the bone size, 
shape, type, and collagen content when the bone is burned (Waterhouse 2013a; 2013c). 
Several different types of fractures are seen in the bones, but larger bones can show more 
longitudinal fracturing along the shaft (Symes et al. 2015). The density of the bones can 
impact how much fragmentation occurs. Thinner, less dense bones will break down faster 
and have more fragmentation than skeletal elements that are denser (Waterhouse 2013a; 
2013c). Long bones will retain their morphology and survive the fire more so than 
smaller elements. Waterhouse (2013a) found that larger fragments were more likely to 
retain their original shape, while smaller fragments became unidentifiable after burning. 
 
Effects of Decomposition Stages 
 The presence of soft tissues surrounding the bones at the time of the burn event 
will affect fragmentation, fracturing, coloration, and warping of the burned remains 
(Dirkmaat et al. 2012; Keough et al. 2015). When fleshed remains are burned, the body 
repositions when the muscles flex and contract, which can cause tissue shielding of 
skeletal elements (Dirkmaat et al. 2012; Keough et al. 2015). Bones will fragment more 
when burned with muscle and other soft tissue, making it difficult to determine the 
condition of the body before burning when observing the fractures alone (Collini et al. 
2015). Less soft tissue on bodies before being burned will result in a faster breakdown of 
the skeletal remains and different patterns of burning than skeletal remains with more soft 
tissue (Dirkmaat et al. 2012; Keough et al. 2015). Curved transverse fractures can occur 
as the bone cracks when soft tissue and the periosteum shrink from higher temperatures 
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(Symes et al. 2015). Even though there are differences in fracture patterns between bones 
covered with soft tissue and previously skeletonized remains, it was noted that wet and 
dry bones that were burned resulted in few differences in the coloration patterns of the 
skeletal remains after being exposed to high temperatures, and that dry bone had a 
slightly less degree of color change compared to green remains (Buikstra and Swegle 
1989; Mamede 2017). Generally, high temperatures alone will not completely destroy a 
body, and very dense skeletal material covered by thick layers of soft tissues are very 
likely to be recovered from a scene (Porta et al. 2013).  
Keough et al. (2015) examined the burn patterns on skeletal remains in different 
stages of decomposition ranging from flesh to skeletonized. They found that the first 
stages of decomposition resulted in the head or neck of the long bones to be unaltered by 
higher temperatures and that in later stages of decomposition the head or neck of the long 
bones were burned, with the latest stages of decomposition resulting in calcination of the 
bone (Keough et al. 2015). It was also stated that later stages of decomposition resulted 
in charred remains that had heat borders and the latest stages of decomposition had brown 
burn borders on the skeletal remains (Keough et al. 2015). Overall, the calcination of the 
skeletal elements increased through the stages of decomposition, and the completely 
skeletonized remains were fragmented, resulting in the recovery of less material for 
analysis (Keough et al. 2015). Knowing the coloration differences when bodies are 
burned at different decomposition stages therefore can give investigators an idea of the 
degree of decomposition when the skeletal elements were burned.  
Carroll and Smith (2018) conducted an experiment that examined the effects of 
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fire on skeletal remains in different burn environments, such as a funeral pyre and a 
house fire. They found that the type of fire used and the methods used to burn the body 
will affect changes within the bone like weight, degree of burning, uniformity of burning, 
color change, and fracture patterns (Carroll and Smith 2018). They found that the mass of 
the burned material varied between the two methods of burning due to the varying 
degrees of soft tissue preservation in the cadavers used in the experiment (Carroll and 
Smith 2018). It was noted that the skeletal remains in the contained fire had a wider 
variation in the coloration in the skeletal fragments recovered, while the remains from the 
funeral pyre were more calcined (Carroll and Smith 2018). The coloration of individual 
skeletal fragments from the container held a variety of colors within same elements, 
while the coloration of skeletal fragments recovered from the funeral pyre were more 
uniform (Carroll and Smith 2018). However, they had little fragmentation in both sets of 
skeletal remains. The skeletal remains from the containers had longitudinal fractures and 
few transverse fractures, and the skeletal remains from the funeral pyre had transverse 
and few longitudinal fractures (Carroll and Smith 2018). This experiment highlights the 
importance of understanding the degree of decomposition and the differences in 
breakdown of these remains when they are burned. This also shows that different burn 
environments greatly affect the coloration and fragmentation of the bones and can affect 
the recovery rates and analysis of the skeletal remains. 
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Burned Teeth 
When teeth are burned, they undergo a similar process to that of bone. Teeth have 
different mineral contents than that of bone (Beach et al. 2015; Schmidt 2015). The 
coloration of the enamel can change to a black or brown, to a blue gray or somewhat 
translucent appearance that exposes the dentin, and then progress to a chalky white 
(Beach et al. 2015; Schmidt 2015; Symes et al. 2014). The root coloration can range from 
a black, to dark blue or gray, and then to white (Schmidt 2015). The higher temperatures 
of the fire will cause the enamel, cementum, and dentin to crack (Krishnan et al. 2017). It 
is more common for the roots to be preserved after a fire, because they are protected by 
the alveolar portion of the maxilla and mandible (Krishnan et al. 2017; Schmidt 2015). 
The roots will fracture in a transverse pattern, while the crowns tend to fracture along the 
cusp margins, because the enamel is thinnest there (Schmidt 2015). After reaching 
extremely high temperatures, the enamel can completely fall off of the tooth due to the 
dentin shrinking (Schmidt 2015).  
Beach et al. (2015) examined thermal changes to teeth in controlled laboratory 
conditions. It was noted that the color progression of the teeth went from a light yellow, 
to black, to brown, to gray, and then white (Beach et al. 2015). It was determined that the 
root of the tooth was a more reliable source of information pertaining to the individual 
when compared to the crown of the tooth because the root is more, protected allowing the 
structure to remain more intact (Beach et al. 2015). The coloration of the root often 
presents as one color as it progresses through heat-related coloration changes (Beach et 
al. 2015). The enamel on the crown of the tooth begins to flake early in the burning 
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process (Beach et al. 2015). Overall, this study found that there was a progression of 
color changes and mass loss in teeth as they were exposed to higher temperatures (Beach 
et al. 2015). A more complete recovery of teeth from a fire scene can help the 
odontologist gather information and possibly identify the decedent (Krishnan et al. 2017). 
Teeth are extremely fragile after being burned and are likely to be only partially 
preserved during the recovery process (Krishnan et al. 2017; Schmidt 2015). 
 
Recovery Screening Methods 
When excavating, there are a variety of recovery methods that help archaeologists 
separate artifacts and sediments in order to collect archaeological material for further 
analysis in a laboratory (Sukau 2017). Several different screening methods have been 
utilized at archaeological sites. This includes the use of different sizes of screen mesh, 
wet screening, and dry screening. The use of different screening methods varies 
according to the site that is being excavated and their associated soil conditions. Utilizing 
different screening methods also influences the types and amount of remains or artifacts 
that are recovered from the site or crime scene (Ball 1987; Partlow 2006; Payne 1972). 
Screening methods are also affected by the site and soil, the artifacts or remains that are 
being found, the conditions of the excavations, and the personnel that are screening 
(Payne 1972).  Recovery screening methods can include wet and dry screening depending 
on the context of the site being excavated. These methods involve sifting sediments and 
their contents through a mesh screen so that the sediment falls through the screen and the 
archaeological materials are caught on top of the screen separating the artifacts for 
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analysis in the laboratory (Sukau 2017).  
Dry screening is the sifting of dry sediment through a mesh screen without the use 
of water. It has been stated that dry screening is good for desert, sand or dry loesses, or 
other environments with dry conditions (Hageman and Goldstein 2009; Payne 1972). Dry 
screening has been most utilized by archaeologists in the past (Payne 1972). Wet 
screening is similar to dry screening but includes the use of water to push the sediment 
through the mesh screen and wash the sediment off of the artifacts or remains that are 
caught on top of the mesh screen (Payne 1972; Sukau 2017). The remains or artifacts can 
then be left out to dry in laboratory conditions (Payne 1972). With remains or artifacts 
being more clean after wet screening, the accuracy of collecting skeletal remains and 
artifacts from the screening process increases due to better visibility (Payne 1972). It has 
been stated that wet screening is good for conditions where the area has clayey or damp 
sediment (Hageman and Goldstein 2009). Both methods allow for the recovery of smaller 
remains that originally are unseen while excavating.  
Different sizes of mesh will affect the number of artifacts that are collected on 
site. For example, 1/4-inch mesh will catch less smaller fragments than 1/8-inch mesh. 
The 1/4-inch mesh screen size is most commonly used on archaeological sites and 
forensic sites when recovering archaeological materials and/or skeletal remains (James 
1997; Payne 1972; Pokines 2014; Pokines and De La Paz 2016; Sukau 2017; 
SWGANTH 2013). It has recently become more common for archaeologists to use finer 
sizes of mesh screens, instead of 1/4-inch mesh, so that more information can be gained 
from the smaller recovered artifacts or remains (Graesch 2009; Sukau 2017; Vale and 
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Gargett 2002; Zohar and Belmaker 2005).  
Different mesh sizes more commonly used on archaeological sites include 1/4-
inch (6.4 mm), 1/8-inch (3.2 mm), 1/16-inch (1.5 mm), 2.0 mm, or 1.0 mm (Pokines and 
De La Paz 2016; Sukau 2017; Vale and Gargett 2002). The larger mesh sizes fail to 
recover smaller skeletal elements and fragments (Ball 1987; Gordon 1993; Nagaoka 
2005). For example, experiments conducted by Shaffer and Sánchez (1994) determined 
that 1/4-inch mesh sizes can potentially recover nearly all remains from taxa larger than a 
fox (4500 g), but the recovery rates of skeletal remains decreased as the size of the 
animal that was being recovered decreased. The 1/4-inch screen size will fail to recover 
skeletal remains for animals that with a mass less than 140 grams; however, animals 
weighing 71-340 grams had some identifiable elements that were recovered (Shaffer 
1992). James (1997) examined archaeo-faunal data from excavations at Hohokam sites to 
examine screen size bias and discovered that small to medium sized animal remains were 
lost when using 1/4-inch mesh size screens, and when using 1/8-inch and 1/16-inch mesh 
sizes smaller fish remains like minnows and suckers were recovered from sites. Overall, 
the use of 1/4-inch screening will result in larger skeletal remains being recovered.  
In Shaffer and Sánchez (1994), it was determined that more elements of smaller 
taxa were recovered using 1/8-inch mesh screen size (Shaffer and Sánchez 1994). The 
smaller mesh sizes are used on archaeological sites where the archaeologist expects to 
recover small animal skeletal remains or small artifacts that are known to pass through 
1/4-inch mesh screen size (Sukau 2017; Vale and Gargett 2002). Recovering smaller 
remains and artifacts with smaller screen sizes allows for a more complete recovery of 
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the site and a more complete analysis and interpretation in the lab. However, the smaller 
the mesh size that is used, the amount of time involved in sifting the sediments and their 
content significantly increases (James 1997; Pokines 2014; Shaffer 1992; Sukau 2017; 
Vale and Gargett 2002). It is the decision of the archaeologist to choose screen sizes that 
fit the needs of the archaeological site and the context that the sediments will need to be 
screened. 
 
Recovery from a Burned Vehicle Scenario 
The recovery methods to use when excavating remains from a burned vehicle 
vary according to the context of the situation; however, some forensic anthropologists 
who have helped investigate fatal fire scenes have created their own protocols. A vehicle 
fire can potentially reach 900 to 1100⸰ C which will have an effect on the degree of 
burning and fragmentation of the skeletal remains (Mamede 2017). The inside of the 
vehicle is made of varying materials that will cause the temperature of the fire to rise and 
burn longer, and this can result in skeletal remains being burned to the point of 
calcination or leave cremated remains that can be recovered (Fairgrieve 2008).  
When recovering cremains, it is important to be careful and bag them properly to 
avoid further fragmentation of skeletal remains (Fairgrieve 2008). For example, it is 
recommended that larger remains should be transported using plastic bags, and smaller 
cremated remains should be placed into paper bags to promote drying (Fairgrieve 2008; 
Krishnan et al. 2017; Schmidt 2015). The use of digital photography will help record the 
original condition of these cremains to account for the continued break down during 
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transportation from the scene to the laboratory. The digital photographs will also record 
placement of the skeletal elements which can give an indication of the position of the 
body before burning; however, the skeletal elements will fall through parts of the car 
while burning which will change the arrangement of the bones (Fairgrieve 2008).  
 
Hypotheses Tested 
The present study examined the recovery rates of remains from burn events in 
automotive vehicles and determined the efficacy of various recovery methods to 
maximize the rate of recovery and that is least harmful to the burned remains. The 
recovery rates of skeletal elements were determined by comparing the total mass 
percentage of skeletal remains before and after the burn event and after the recovery 
processes were tested. Recovery rates were compared to determine which recovery 
methods are better to use when handling burned fragments so that the forensic 
anthropologist can conduct a more complete analysis of the skeletal remains in the 
laboratory. It was hypothesized that wet screening proved greater efficacy in recovery 
rates when compared to dry screening and that 1.0 mm screen size will allow for greater 
recovery of burned skeletal remains than 1/4-inch (6.35 mm) screen size. While the 
complete recovery of skeletal remains is the ultimate goal, it is also important to recover 
remains that are identifiable to skeletal element. The identifiability of the skeletal remains 
was also tested in order to determine which recovery method was best. The goal of this 
research is to compare the rates between recovery methods for burned remains so that 
investigators in the future can recover more skeletal remains which will aid in the 
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identification of a decedent. This research will also be used to develop field protocols for 
forensic recoveries of vehicle fatal fire scenes. 
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PREVIOUS RESEARCH 
 
Recovery Methods 
 During the recovery process of skeletal remains at any crime scene, it is vital that 
archaeological techniques are used so that there is proper and explicit documentation of 
the context of the skeletal remains (SWGANTH 2013). The use of archaeological 
techniques can help to assist law enforcement personnel while conducting searches in 
order to locate skeletal remains, record and document the remains in a scientific manner, 
and interpret the evidence (SWGANTH 2013). During the interpretation process, the 
application of archaeological principles helps to scientifically document the context of 
the remains in their original orientation, and to further interpret the associated evidence to 
the skeletal remains (SWGANTH 2013). The application of forensic archaeology aids in 
the location, documentation, and interpretation of skeletal remains and associated 
evidence.  
It is important to know how to conduct a variety of methods to locate and recover 
burned skeletal remains. In more open environments, such as terrestrial environments, 
visual searches are conducted to locate remains before they can be recovered. Visual 
searches can be conducted in different ways. A line search, grid search, circular search, or 
cadaver dogs can be used to locate skeletal remains (Pokines and Baker 2014). A line 
search involves individuals lining up across a search area facing the same direction, and 
they slowly walk across the designated area to look for remains (Dupras et al. 2006; 
Pokines and Baker 2014). A grid search begins with a line search, but the searchers walk 
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the area a second time at a ninety-degree angle to the direction they first searched in order 
to search the area twice (Dupras et al. 2006; Pokines and Baker 2014). A circular search 
is where an individual searches the designated area in a circular pattern beginning at the 
perimeter and moving towards the center of the area (Dupras et al. 2006; Pokines and 
Baker 2014). Visual searches are dependent on the searchers’ ability to recognize human 
remains when conducting their search (Fairgrieve 2008).  
Cadaver dogs can locate skeletal remains by recognizing the scent of human 
decomposition and can also detect cremated bone (Fairgrieve 2008). For cadaver dogs to 
be successful in locating remains, the remains have to be exposed to air currents and 
dispersed (Fairgrieve 2008). Indicators used to find surface remains include clothing, 
personal objects, weapons, decomposition odor, loose trash or brush heaps, animal 
activity, and materials used to wrap the body (Dupras et al. 2006). These techniques can 
also be used to locate burials. In house fire scenarios, burned skeletal remains are 
typically found in a mound laid out in a shape somewhat like a human body, and it is 
recommended that grid searches are used for these scenarios (Fairgrieve 2008). It is 
important to find and analyze burned remains in situ so that identification of skeletal 
elements can be made before the skeletal remains are further damaged during the 
recovery, transportation, and analysis processes, but it is easy for remains to be disturbed 
in fire scenarios so caution in all steps of the recovery process is important (Fairgrieve 
2008; Naji et al. 2014).  
Protocols for the recovery of burned skeletal remains at fire scenes have been 
outlined by SWGANTH (2013). It is stated that all debris should be removed from above 
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and around the body and that the debris information and identification should also be 
recorded (SWGANTH 2013). Any small fragments of bone need to be collected as they 
are found and bagged appropriately so that the context of where the remains were found 
can be properly documented and linked to that fragment (SWGANTH 2013). The 
position of the skeletal remains and where they are located needs to be documented, for 
example, if the remains are found in the front passenger seat of a vehicle, if the body or 
remains had been disturbed or moved by first responders when searching for the remains, 
or if other debris further destroyed the remains by falling on them during the burn event 
(SWGANTH 2013). Any fragile skeletal element needs to be photographed before they 
are transported to the lab so that the remains are documented as they are recovered before 
they further fragment from transportation or handling (SWGANTH 2013). These are the 
only outlined protocols for fire scene recovery, any other recovery procedure is at the 
discretion of the forensic archaeologist or anthropologist that is assisting in the recovery 
of skeletal remains at fatal fire scenes. 
 
Screening Methods at a Fatal Fire Scene 
Screen Size 
Different types of fatal fire scenes may require the use of different recovery 
methods. Recovery methods that are most used include field search of larger remains and 
screening of excavated debris to find smaller remains. Graesch (2009) conducted a study 
on interobserver variation on the recovery and interpretation of artifacts on data collected 
from household level excavations. Based on this study, Graesch (2009) stated that the 
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recovery rates of artifacts will vary between excavation units due to individual variation 
in fieldwork experience and knowledge on how to identify and recover artifacts or 
skeletal remains. Therefore, it is important to educate those excavating the skeletal 
materials on what burned remains look like before beginning the process of recovery.  
Knowing what mesh screen size to use in fatal fire scenes is crucial to an 
investigation, since those recovering the remains need to collect as many burned skeletal 
fragments as possible. In most cases, when excavating, it was found that a smaller mesh 
screen size, like the 1/8-inch mesh, was best for recovering smaller skeletal elements, 
especially in cases that involved calcined skeletal elements, or cremains (Gordon 1993; 
James 1997; Pokines and De La Paz 2016; Sukau 2017; Schmidt 2015; Vale and Gargett 
2002). It is also recommended that a 1/8-inch mesh screen or finer should be used when 
screening burned or cremated teeth (Krishnan et al. 2017). Using the 1/4-inch screen 
placed on top of the 1/8-inch screen allows for larger fragments to be caught in the 1/4-
inch mesh so that the 1/8-inch mesh can collect only the smaller fragments (Sukau 2017). 
In a vehicle fire scenario involving 3 burned bodies, Bartelink et al. (2016) utilized 1/4-
inch screen size to remove the larger skeletal remains first, and then switched to 1/8-inch 
mesh screen size to retrieve the smaller skeletal remains. In a study that involved the 
sieving of grave soil, Mays et al. (2012) found that teeth were most commonly found 
when compared to all other skeletal elements due to the poor preservation of the soils at 
the site, molars were found more than any other type of teeth, and most of the postcranial 
skeleton found were fragments from long bones. This study was conducted by stacking 
sieves with largest mesh size on top down to smallest mesh size on bottom (Mays et al. 
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2012).  
 
Wet and Dry Screening 
It is also important to know when to wet screen or dry screen according to the 
scenario at hand. In a case investigated by Bunch (2010), indoor wet screening was used 
to recover fragile skeletal remains when exhuming children’s graves. It was found that 
wet screening was crucial to preserve perimortem fractures and carefully clean the 
remains in a way that burn patterns could be assessed, which allowed the investigator to 
differentiate heat damage from trauma injuries (Bunch 2010). Hosch and Zibulski (2003) 
conducted a study on the effects of wet-sieving. They used 2.0 mm and 0.5 mm mesh to 
sieve organic samples from a Neolithic lake shore, and they used individuals with very 
little experience to wet sieve and provided them with the same set of instructions (Hosch 
and Zibulski 2003). It was concluded that wet-sieving should be done by as few 
individuals as possible to maintain consistency in recovery of materials (Hosch and 
Zibulski 2003). Sukau (2017) examined the recovery rates between wet screening and dry 
screening using 1/4-inch and 1/8-inch mesh screen sizes when recovering artifacts during 
the excavations of the Village area of the Fort Vancouver National Historic Site. Sukau 
(2017) concluded that wet screening produced more artifacts than dry screening, and that 
wet screening had higher collection rates when comparing the artifact density to the dry 
screened samples. It was also concluded that using smaller mesh screen sizes recovered 
more artifacts than wider mesh screen sizes. 
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Recovery Protocols 
Meyers (2003) stated that there are no set procedures for recovering burned 
remains, because planning for the recovery of burned skeletal remains can only be done 
in a general capacity for different types of fatal fire scenes. Therefore, only a limited set 
of standards can be developed that will have to be adapted according to the context of 
each situation.  
Symes et al. (2012) also stated that there are no set procedures for locating, 
recovering, and documenting burned human remains at a fire scene and suggested that for 
cases where there are burned vehicles, an internal grid system should be made, debris 
should be removed from top to bottom, and the collection of debris and screening should 
be done carefully. Burning in the confined area of the interior of vehicles can intensify 
the heat and create more brittle and fragmentary remains (Fairgrieve 2008). A grid of the 
scene should be implemented to help record the position of remains in context and help 
with searching the scene for more remains (Dupras et al. 2012; Fairgrieve 2008). 
However, Fairgrieve (2008) stated that the use of a grid within the vehicle would be 
difficult to put into effect when the passenger compartment or trunk area is involved. 
Therefore, Fairgrieve (2008) suggests using the structured areas of the vehicle as 
reference points when documenting the scene. For example, in a fire scene recovery case 
that involved excavating three burned bodies conducted by Bartelink et al. (2016), they 
split the vehicle into eight zones instead of placing a grid within the car which helped to 
document the human remains and associated evidence. It is important to note that bones 
can fall through the seats, since seat the material will also burn, and the bones will rest in 
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a new position (Fairgrieve 2008). Using reference points within the car to document the 
location of the remains can help with future analysis and account for remains that have 
changed positions during the burn event.  
Most often the priority of recovery personnel is put on locating the body to an 
extent where remains can be repositioned during the search process (Dirkmaat 2012). It is 
best for investigators to observe the remains as they were during the burn event so that 
data can be recorded on the provenience and context of the burned remains. Mishandling 
the burned remains can cause the fragments to break down even more which could cause 
possibly identifiable fragments to become unidentifiable. Remains that are identifiable 
are typically fragments that can be identified to a particular skeletal element, and 
according to Naji et al. (2014) prior studies indicated that the recovery rate of burned 
skeletal remains that had a mass of 1.5 grams or more was above 80%. Therefore, it is 
important to document the identification of burned skeletal fragments in case further 
fragmentation renders those skeletal remains unidentifiable. Mishandling skeletal remains 
can result in more fragmented skeletal remains, especially burned remains that can 
fragment easily, and will make it more difficult for the investigators recovering the 
remains, especially when burned skeletal remains are rarely fully recovered from a fatal 
fire scene. Dirkmaat (2012) concluded that fatal-fire recovery protocols should include 
locating remains by field search and then hands and knee search, excavating by hand or 
trowel and then screening the debris through quarter inch mesh, hand drawing maps in 
plan-view to show the distribution of evidence, and documenting the entire process by 
using a total station and GPS.  
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It is important to know what type of equipment is needed to recover remains from 
a fatal fire scene. Forensic personnel should wear gloves when handling remains 
(Schmidt 2015). A recovery kit should include a small soft brush to help collect ash and 
debris without damaging them further (Fairgrieve 2008). Fairgrieve (2008) stated that the 
debris should be removed from the cremains first to provide visualization and allow 
digital recording of the cremains in place. Photographs of the overall scene, the exterior 
and interior of the vehicle, and specific areas that contain skeletal remains should be 
taken at a fatal fire scene (Fairgrieve 2008). Photographs should include the use of a scale 
and north arrow, and another set of photographs should be taken without these objects 
(Fairgrieve 2008). When comparing cases of fatal fire scene recovery, Correia and 
Beattie (2001) found that the biggest challenge was keeping complete, consistent, and 
detailed records of the scenes, and suggested that information on the condition of the 
bones, amount, and type of bone should be recorded. All remains should be recorded in 
context before being recovered from the scene (Fairgrieve 2008).  
Skeletal remains that are larger and more easily recognized in situ can be 
recovered by hand, and smaller skeletal elements that are difficult to separate from other 
debris or are not recognized immediately can be excavated using a standard mason’s 
trowel and dustpan for screening (Fairgrieve 2008). Five-gallon buckets with lids should 
be used to transport bone ash and debris for screening later (Dupras et al. 2012). Larger 
or intact units should be removed first en mass (Fairgrieve 2008). Larger remains should 
be transported using plastic bags, and smaller cremated remains should be placed into 
paper bags to promote drying (Fairgrieve 2008; Krishnan et al. 2017; Schmidt 2015). If 
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cremated remains are wet when excavating from the scene, they also should be placed in 
brown paper bags to help absorb some of the moisture (Dupras et al. 2012; Fairgrieve 
2008).  
When documenting current techniques for the recovery protocols, handling 
techniques, and transportation of skeletal remains at fatal fire scenes, Schwab (2016) 
found that fragmentation and fracturing of remains increased when being recovered from 
the scene and during the transportation process. Because of this, he recommended that 
skeletal remains should be wrapped and placed in bags, and a preservative should be used 
on dental remains to help them keep their shape (Schwab 2016). Clear acrylic spray paint 
can be used to hold fragile dental remains together for transport to the laboratory and for 
reconstruction (Krishnan et al. 2017). Fairgrieve (2008) states that areas that contained 
human skeletal remains should be rescreened in a laboratory setting on top of a plastic 
surface. While it was indicated that wet screening may be better when excavating burned 
skeletal remains, previous research did not indicate or conclude whether wet screening or 
dry screening is better to use in a burned vehicle scenario.  
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METHODS 
 
Experiment Set-up 
 Skeletal remains of white-tailed deer (Odocoileus virginianus) and pig (Sus 
scrofa) were burned in two recycled vehicles sourced from A. Affordable Towing located 
in Boston, Massachusetts. A total of 16 tibiae, 16 femora,16 humeri, 16 radii-ulnae, 8 
scapulae, 8 vertebral columns with associated ribs, all considered ‘green’ skeletal 
remains, were from white-tailed deer and were burned in this experiment. The white-
tailed deer remains were chosen due to easy access and cheap costs. Also, the size of the 
white-tailed deer remains is closer to the size of human skeletal remains. The skeletal 
remains from the white-tailed deer had a range from a small amount of meat with 
associated soft tissue to barely any meat on the shaft with only a small amount of soft 
tissue on the proximal or distal ends of long bones. This excludes the vertebral columns 
where the vertebrae and ribs were all articulated by excess meat and soft tissue which 
was a result of the butchering process. The white-tailed deer bones were sourced from A. 
Arena and Sons in Hopkinton, Massachusetts, a local butcher shop. A total of 8 
mandibles, with a maximum of 22 teeth, in a ‘dry’ condition were from pigs and were 
burned in this experiment, meaning that there was no meat or associated soft tissue on the 
skeletal remains. The pig mandibles had been previously purchased commercially and 
had decomposed previously at Boston University’s Outdoor Research Facility (ORF) in 
Holliston, MA. The mandibles were chosen for this experiment due to their easy access 
and almost full sets of teeth.  
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The two recycled vehicles were burned in Holliston, MA by the Holliston Fire 
Department on their property, which was located next to the Outdoor Research Facility. 
Car 1 was a 2004 Toyota Prius, and car 2 was a 2002 Volkswagen Jetta. A. Affordable 
Towing personnel were directed to drain both vehicles of all chemical fluids and harmful 
substances before towing the vehicles to the burn location. The tires from car one of the 
vehicles were slashed by the Holliston Fire Department personnel to prevent small 
explosions during the burn event. The vehicles were placed on the vacant property the 
day before the planned burn event and were left overnight. The remains from A. Arena 
and Sons were received in November and December of 2017 and were placed in a deep 
freezer to be stored until the burn event was conducted on May 10, 2018.  
Each car was split into four quadrants: vertically in line with the rearview mirror 
and center console, and horizontally between the front seat and back seat compartments. 
The skeletal elements were weighed before they were placed within the vehicles. In 
vehicle one, quadrant one was the front driver area, quadrant two was the front passenger 
area, quadrant three was the back driver area, and quadrant four was the back passenger 
area. In vehicle two, quadrant five was the front driver area, quadrant six was the front 
passenger area, quadrant seven was the back driver area, and quadrant eight was the back 
passenger area.  
The bones were split between the eight quadrants, resulting in 2 tibiae, 2 femora, 
2 humeri, 2 radii-ulnae, 1 scapula, 24 vertebrae, and 12 ribs (all white-tailed deer), and 1 
mandible (pig) in each individual quadrant. The pig mandibles had a different number of 
teeth in each quadrant. Quadrant 1 had 6 molars, 4 premolars, and 4 incisors. Quadrant 2 
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had 6 molars, 4 premolars, and 4 incisors. Quadrant 3 had 4 molars, 4 premolars, and 3 
incisors. Quadrant 4 had 6 molars, 6 premolars and 2 incisors. Quadrant 5 had 4 molars, 4 
premolars, 2 canines, and 4 incisors. Quadrant 6 had 6 molars, 6 premolars, and 3 
incisors. Quadrant 7 had 4 molars, 4 premolars, and 2 incisors. Quadrant 8 had 4 molars 
and 4 premolars.  The bones were spaced out within the quadrants so that the varied 
surfaces within the vehicle held a variety of skeletal elements. Humeri, radii-ulnae, the 
vertebral columns, scapula, and mandibles were placed on the seats of the car, and the 
tibiae and femora were placed on the floorboard of the car (Figure 3.1). Photographs of 
skeletal element placement were taken for each quadrant and are represented in Figures 
3.2–3.10. The vertebral columns were placed so that they stood upright against the back 
of the seats. This was done in an attempt to replicate normal positioning of an individual 
when sitting in a vehicle but does not completely replicate the placement, since most of 
the bones were disarticulated (excluding the vertebral columns where the vertebrae and 
ribs were articulated but separate from other skeletal elements). The placement of the 
bones was photographed with a digital camera on a smart phone before the burn event.  
Hay was placed in each quadrant as an accelerant to facilitate burning of the cars. 
Any paper or items that were in the car when they were received from the towing 
company was kept within the vehicle and could have also acted as accelerants. The doors 
and windows of both vehicles were closed when the burn event began. 
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Figure 3.1. Quadrant 3 remains (closest) and Quadrant 4 remains (furthest). 
 
The Burn Event 
  The Holliston Fire Department agreed to use this project as a training exercise for 
their crew. The burn event was conducted in May 2018. Photographs and videos were 
taken during the burn event in order to document the process between the different types 
of vehicles. The photographs and videos were also recorded using a smart phone camera 
and video recorder.  
The Holliston Fire Department personnel ignited the hay within the vehicles by 
throwing a flare into each car, afterwards shutting the door again, and allowed the cars to 
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burn for a full twenty minutes before extinguishing the fire with water. During the burn 
event, the fire department personnel were on standby with a standard fire hose ready and 
near the burning vehicles to prevent the fires from spreading to the surrounding area, 
which included a house and wooded area within close proximity to the burn site. If the 
fire looked as though it were going to spread, the fire department personnel would spray 
down the surrounding area of the burning vehicles with water to prevent this from 
happening. The twenty-minute time interval allowed the bones to burn to the point of 
calcination and become severely fragmented so that the screening recovery methods and 
recommended recovery protocols could be tested.  
The time of the burn was based on experience of the Chief of the Holliston Fire 
Department. He stated that, depending on the location, weather, and time of day, their fire 
department response time ranges between 3 and 8 minutes for the first unit to arrive at a 
scene, which does not account for the amount of time between the start of the fire and the 
notification to the Fire Department. Therefore, it is likely that for this area, a twenty-
minute time interval for the burn event might be slightly longer than the average vehicle 
fire; however, twenty minutes allowed for the skeletal remains to become fragmented 
enough so that the different recovery methods could be tested. After the twenty-minute 
burn interval, the fire department personnel used standard water hoses to put out the fires 
(Figure 3.11) which produced a high amount of water pressure was sprayed into both cars 
through the windows until no flames could be seen. This process took roughly five to 
seven minutes to extinguish the flames and no more than ten minutes to ensure that the 
fire would not reignite.  
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Figure 3.11. Car 1 fire being put out by firefighter.  
A large amount of smoke was created, and the firefighters waited until the majority of the 
smoke cleared before declaring that the scene was safe to approach. After the scene was 
declared safe, the fire department personnel left, and the vehicles were left to cool 
overnight. The following day, each of the quadrants were photographed in order to record 
the placement of fragmented skeletal elements and condition of the quadrants (Figure 
3.12). The smart phone that was used to take the photographs was only a couple years old 
and had good photograph settings for this context. The photographs of all the quadrants 
after the burn event are represented in Figures 3.13–3.19.  
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Figure 3.12. Car 1, quadrant 2, after burn event. 
 
Remains Recovery 
After photographs were taken each quadrant was excavated separately. 
Excavation of the vehicle zones was conducted by bending in through the windows of the 
vehicle while wearing personal safety glasses, a face mask, and gardening gloves with 
latex gloves on underneath. When recovering the remains from the burned vehicles, it 
was important to wear personal protective equipment. A face mask had to be worn in 
order to prevent inhaling toxic fumes from the burned vehicle. Gardening gloves were 
worn over latex gloves to help protect the hands from being cut by the glass and protect 
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from any other possible harm from the burn environment. Long sleeves and long pants 
were also worn for protection from sharp glass or wires that protruded from the inside of 
the vehicle. It is recommended that individuals that have long hair wear their hair tied 
back from the face to prevent their hair from getting in the way during the recovery 
process. The windows were utilized as a point of access since the doors of the vehicles 
would not open after the burn had been completed, and the glass of the windows had 
melted and landed inside the vehicles. There was no access to equipment that could assist 
in opening the doors of the vehicle, but using the windows as a point of access to recover 
each zone was adequate even though it was uncomfortable to bend to recover the skeletal 
remains for long periods of time.  
Before the recovery process began it was helpful to have two five-gallon buckets 
labeled for each quadrant along with a third bucket to collect large car debris. The 
buckets were labeled by using a permanent marker and masking tape. One bucket was 
used to discard the larger debris from the quadrants that were obviously pieces of car. 
One five-gallon bucket was used to collect the larger skeletal remains that were bagged 
and labeled before the screening process began. The last five-gallon bucket was used to 
collect the remaining debris and ash matrix from each quadrant to be screened.  
A small soft bristle brush, small make-up brushes, and a dustpan was used to 
sweep up as much ash and debris as possible from each quadrant so that nothing was left 
in any of the quadrants. Larger debris that was most obviously pieces of the car were 
removed first from above and immediately surrounding the skeletal remains, if it was 
possible to do so without disturbing the skeletal remains. Larger skeletal remains that 
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were identifiable in situ were recovered separately and were placed in labeled paper bags 
with paper towels or tissue inside to act as a cushion. The recovery bags were labeled 
with the skeletal element identity and the quadrant number. After larger debris and 
remains were removed, an attempt was made to remove larger pieces of glass so that they 
would not be placed into the screen. The smaller remains and debris were collected using 
soft bristle brushes, make-up brushes, and dust pans. Ash and smaller remains not easily 
seen were put into labeled paper bags to promote drying since the ash and debris matrix 
was still damp after drying out overnight, and the matrix was then placed into buckets for 
transportation to the ORF. At this point, the quadrant was completely cleaned of any 
removable car debris, ash matrix, and skeletal remains. Photographs were taken to 
document the recovered quadrant.  
When all four quadrants of a vehicle were completely recovered and 
photographed, the larger discarded debris was placed back into the vehicles. The first car 
was recovered in four hours by two individuals trained in the identification of skeletal 
remains. Recovery was disrupted on the first day due to rainy weather, and both vehicles 
were covered with a large tarp that covered their entirety. The following day the author 
recovered the second vehicle in 7 hours, which included transportation and storing the 
remains. For quadrants 2 and 6, the tibiae on the floorboard were most difficult to 
recover, because the dash over the front passenger seat melted over the skeletal remains 
that were placed on the surface of the floorboard (Figure 3.20). A hatchet and crowbar 
were used to remove the whole skeletal elements from under the melted mass of 
dashboard. After the recovery process was complete the frames of the burned junk 
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vehicles were towed away from the property by A. Affordable towing and given back to 
the company for recycling. 
 
Figure 3.20. Car 2, quadrant 6, tibia and femur trapped under the melted 
dashboard. 
 
Screening Methods 
 After transport back to the ORF, the larger skeletal remains were dried at room 
temperature if they were not dry upon arrival. This was done by laying out the skeletal 
elements on trays that were labeled with the quadrant number. The smaller skeletal 
remains, ash, and debris from each quadrant were screened using various screening 
methods. In the first vehicle, quadrants one and three were wet-screened using the 1/4-
inch mesh over the 1.0 mm mesh screens, while quadrants two and four were dry-
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screened using the 1/4-inch mesh over the 1.0 mm mesh screens. In the second vehicle, 
quadrants five and seven were dry screened, quadrants six and eight were wet screened, 
and all four quadrants were screened using the 1/4-inch mesh over the 1.0 mm mesh 
screen. The use of wet screening and dry screening was switched in the second vehicle to 
account for differences in how each quadrant burned and how effectively each quadrants’ 
burn environment was in order to calcify the skeletal elements. Screening was conducted 
outside in a wooded and grassy area on days that it was not raining and the temperature 
outside was warm.  
Wet screening was conducted at the ORF using a standard gardening water hose 
with a shower sprayer attached to the end. The screens were stacked one on top of the 
other and set on the ground. The collected ash and debris matrix from the five gallon 
buckets was placed on the screens one quadrant at a time. The hose was then used to 
spray down the ash and debris matrix and skeletal remains within the screens to wash the 
adhering ash off of the skeletal remains and dissolve through the mesh screens. The 
skeletal remains were placed within paper bags labeled by skeletal element identity and 
quadrant number, and were then transported to the laboratory. This process was done 
until the skeletal remains in quadrants 1, 3, 6, and 8 were collected and wet screening was 
completed with both 1/4-inch and 1.0 mm screen sizes.  
The process for wet screening took between 3-4 hours per quadrant depending on 
the amount of debris retrieved from each separate quadrant. Dry screening was done in 
the same way as wet screening, by stacking the screens, and sifting the debris and ash 
without the use of water so that remains could be located and ash could fall through the 
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1/4-inch mesh screen. Dry screening took 2-3 hours per quadrant depending on the 
quality of the skeletal fragments recovered from the quadrants. During the screening 
process, the recovered skeletal remains were placed in paper bags and labeled by 
quadrant in order to be transported back to the laboratory for identification. More fragile 
remains, such as teeth, were placed in small bags with paper towels and placed on top of 
the larger remains to prevent further fragmentation and breakdown. Remains were first 
collected from the 1/4-inch screen and subsequently collected from the 1.0 mm screen. 
Both screens were cleaned before screening the ash and debris matrix from a new 
quadrant began. Figures 3.21 and 3.22 show the areas of the cars quadrants numbered and 
the screening methods used on those quadrants. 
 
Laboratory Analysis 
After the remains were recovered from the screens and transported to the 
laboratory, they were identified using a comparative collection that contained white-
tailed deer. Access to this comparative collection was granted by the Anthropology 
Department at Southern Illinois University Edwardsville. The pig mandibles were 
provided by the Boston University ORF and acted as a comparative collection to confirm 
the identification of burned pig mandible fragments.  
During identification in the laboratory, each skeletal element was bagged 
separately and labeled with the quadrant number, identification of the skeletal fragment, 
description of the fragment and where it was located on that skeletal element, and the 
fragment number. The fragments were weighed in grams using a laboratory scale, Scout 
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Pro-OHAUS 2000g, and the length and width of each fragment was measured using 
standard digital calipers. Unidentified remains from the 1/4-inch screen were weighed as 
one unit, and unidentified remains from the 1.0 mm screen were weighed as one unit 
since individual unidentified fragmented elements did not weigh enough to reach 0.1 
grams for any of the quadrants. The number of identified skeletal fragments and 
unidentified fragments were each documented, resulting in a final count of skeletal 
fragments at the time of data collection for each quadrant. Identifiable elements were 
determined by comparing the burned skeletal fragments to white-tailed deer bones from 
the comparative collection, and when fragments were positively matched to a skeletal 
element, the fragments were considered identified. Photographs were taken of fragmented 
materials after the data collection process was completed to show the degree of 
fragmentation of the skeletal remains and what was recovered from the screening 
processes, and this is shown in Figures 3.23–3.30.  
The mass percentage of remains retrieved from each quadrant was calculated. The 
mass percentage was calculated for each screening method by taking the total mass of 
skeletal remains recovered from each screening method and dividing that by the total 
mass of skeletal remains by screening method before the burn event. The mass 
percentage recovered from each screening method and quadrant was compared to 
determine which screening method had the best outcome of burned skeletal remains 
recovered from the scene. Screening methods were tested using Univariate ANOVA tests 
in IBM SPSS Statistics 25 program. The total mass percentage of remains retrieved from 
each quadrant was compared between wet screening, dry screening, 1/4-inch mesh screen 
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size, and 1.0 mm mesh screen size. Coloration of the remains was also documented by 
noting whether the skeletal remains were mostly carbonized (black) or calcined (white), 
to indicate the condition of the remains throughout the recovery process. Recovery 
protocols outlined by SWGANTH (2013) and previous authors were utilized in this study 
in order to help determine set recovery protocols specific to a burned vehicle recovery 
scenario. 
 
 
Figure 3.2. Car 1, quadrant 1 seat placement before the burn event. 
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Figure 3.3. Car 1, quadrant 1 floor board skeletal remains placement. 
 
Figure 3.4. Car 1, quadrant 2 unburned skeletal remains placement. 
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Figure 3.5. Car 1, quadrant 3 unburned skeletal remains placement. 
 
Figure 3.6. Car 1, quadrant 4 unburned skeletal remains placement. 
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Figure 3.7. Car 2, quadrant 5 unburned skeletal remains placement. 
 
Figure 3.8. Car 2, quadrant 6 unburned skeletal remains placement. 
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Figure 3.9. Car 2, quadrant 7 unburned skeletal remains placement. 
 
Figure 3.10. Car 2, quadrant 8 unburned skeletal remains placement. 
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Figure 3.13. Car 1, quadrant 1, after burn event. 
 
Figure 3.14. Car 1, quadrant 3, after burn event. 
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Figure 3.15. Car 1, quadrant 4, after burn event. 
 
Figure 3.16. Car 2, quadrant 5, after burn event. 
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Figure 3.17. Car 2, quadrant 6, after burn event. 
 
Figure 3.18. Car 2, quadrant 7, after burn event. 
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Figure 3.19. Car 2, quadrant 8, after burn event. 
 
Figure 3.21. Car zones and quadrant numbers. 
 48 
 
Figure 3.22. Wet vs. Dry screening methods between the two vehicles by quadrant. 
 
Figure 3.23. Car 1, quadrant 1, recovered fragmented remains. 
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Figure 3.24. Car 1, quadrant 2, recovered fragmented remains. 
 
Figure 3.25. Car 1, quadrant 3, recovered fragmented remains. 
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Figure 3.26. Car 1, quadrant 4, recovered fragmented remains. 
 
Figure 3.27. Car 2, quadrant 5, recovered fragmented remains. 
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Figure 3.28. Car 2, quadrant 6, recovered fragmented remains. 
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Figure 3.29. Car 2, quadrant 7, recovered fragmented remains. 
 
Figure 3.30. Car 2, quadrant 8, recovered fragmented remains. 
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RESULTS 
 
Recovered Skeletal Remains 
Each quadrant in both cars had a different number of fragments recovered. 
Quadrant 1 had a total of 786  skeletal fragments and two whole bones that were 
recovered and 145 of the 786 (18.4%) skeletal fragments were identified to a particular 
skeletal element. Quadrant 2 had a total of 389 skeletal fragments with one fused portion 
of a vertebral column and 184 of the 389 (47.3%) skeletal fragments were identifiable to  
skeletal element. Quadrant 3 had a total of 1,143 skeletal fragments with no whole bones 
recovered and 372 of the 1,143 (32.5%) skeletal fragments were identified to skeletal 
element. Quadrant 4 had a total of 474 fragments and no whole bones recovered and 173 
of the 474 (36.5%) skeletal fragments were identified to skeletal element. Quadrant 5 had 
a total of 515 fragments and two fused sections of a vertebral column recovered and 180 
of the 515 (35%) skeletal fragments identified to skeletal element. Quadrant 6 had a total 
of 95 skeletal fragments and eight whole bones recovered and 51 of the 95 (53.7%) 
skeletal fragments were identified to skeletal element. Quadrant 7 had a total of 536 
fragments and two whole bones recovered and 177 of the 536 (33%) skeletal fragments 
were identified to skeletal element. Quadrant 8 had a total of 489 fragments and four 
whole bones recovered and 128 of the 489 (26.2%) skeletal fragments were identified to 
skeletal element.  
Remains that are burned when fleshed will burn in a certain pattern as a result of 
tissue shielding of the skeletal elements (Schwab 2016). Bones that have less soft tissue 
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adhering to them will break down at a more rapid rate, because they have no protection 
from the fire. The skeletal remains used in this study had different amounts of soft tissue 
adhering to them, with the humerus, ulnae, and vertebral columns having more soft tissue 
adhering to them than other elements, such as the scapulae, tibiae, and femoras. The 
mandibles used in this study were the only ‘dry’ skeletal elements. Despite the 
mandibles’ dry condition, most mandibles were recovered in at most three fragments and 
were a mix of carbonized and calcined conditions, and were a similar coloration (mostly 
black and white) to the rest of the remains that had a small amount of soft tissue adhering 
to them before the burn. 
Teeth that are burned have a slightly different coloration progression than bone 
does, and the enamel and roots of the teeth will burn differently. The roots of the teeth 
will be protected by the alveolar process and will fracture transversely, while the enamel 
will crack and fracture along the cusp margins. In the present study, the teeth that were 
recovered were charred and resulted in only the outer shell of the tooth enamel remaining 
within the debris that was screened. A small amount of teeth roots remained within the 
mandibles alveolar process, and when a root was discovered, it typically was from a 
molar, especially the last molars within the mandible. The teeth were bagged separately 
to prevent from further damage, but clear acrylic spray or any other substance that was 
suggested to use in order to preserve the teeth was not used in the present study. The teeth 
were not found until the screening process, since they were carbonized and blended in 
color-wise with the rest of the ash and debris matrix. The enamel tooth shells were sturdy 
enough to withstand screening and data collection without the use of further preservation 
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techniques.  
 
Recovery Rate Comparisons 
Total Recovery Comparisons 
In order to compare the effectiveness of the different screening methods, a 
Univariate Analysis of Variance (ANOVA) was conducted using IBM SPSS Statistics 25 
program. For the first Univariate ANOVA, the total mass percentage of materials 
recovered from each quadrant was calculated and used to test wet vs. dry screening 
methods. This was done by adding the total mass of all skeletal elements that were wet 
screened after the burn and dividing this number by the total mass of all skeletal elements 
that were designated to be wet screened before the burn. The same procedure was 
conducted for all skeletal elements that were dry screened. The total mass percentage of 
skeletal remains recovered from wet screening was 21.6%, and the total mass percentage 
of skeletal remains recovered from dry screening was 16.5%. The total mass percentages 
were then compared to see if there was a significant difference in the recovery between 
both wet and dry screening methods. As a result, the p value was 0.128. The high p value 
number indicates that the mass percent of remains recovered between wet and dry 
screening methods was not significant.  
The total mass percentage of materials recovered from 1.0 mm mesh size (all 
remains recovered) was compared to the mass percentage of remains recovered from 1/4-
inch mesh size.  The total mass in grams of skeletal remains of each quadrant that was 
recovered using 1/4-inch mesh size was calculated and divided by the total mass in grams 
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of the skeletal remains of each quadrant before the burn event. The same calculation was 
completed for the skeletal remains that were recovered using the 1.0 mm mesh screen 
size. The 1.0 mm mesh size included all remains recovered since the 1.0 mm mesh size 
would also recover everything that was recovered using the 1/4-inch mesh screen size. 
These calculations gave the total mass percentage of remains recovered from both 1/4-
inch and 1.0 mm mesh screen sizes, which was then compared to determine if there was a 
significant difference between the recovery methods. The total mass percentage of 
skeletal remains recovered using the 1/4-inch screen mesh size was 18.4%. The total 
mass percentage of skeletal remains recovered using the 1.0 mm mesh screen size in 
addition to the 1/4-inch screen mesh size was 18.8%. This test resulted in a high p value 
of 0.877. This indicates that the difference of 1/4-inch and 1.0 mm screen mesh sizes was 
not significant when recovering the burned skeletal remains.  
For dry screened quadrants, the 1.0 mm mesh size recovered only 0.23% more 
skeletal remains than the 1/4-inch mesh size. For wet screened quadrants, the 1.0 mm 
mesh size recovered 0.67% more skeletal remains than the 1/4-inch mesh size. None of 
the skeletal remains that were recovered from the 1.0 mm screen mesh size were 
identifiable to a particular skeletal element.  
Another univariate ANOVA test was performed to compare wet, dry, 1.0 mm, and 
1/4-inch screening methods at once. This test compared the total mass percentage of 
skeletal remains recovered using 1/4-inch and 1.0 mm mesh screen sizes. This 
comparison used the same calculations to determine the total mass percentage of 
recovered skeletal remains. The p value for screen mesh size comparison was 0.876, 
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which was similar to the previous test and was not significant. This test also compared 
the total mass percentages of skeletal remains recovered from wet screening and dry 
screening, using the same calculations used previously. The p value for wet and dry 
screening was 0.16, and like the previous test, was not significant. The last test compared 
the total mass percentages of remains recovered from wet screening and dry screening to 
the total mass percentages of remains recovered from 1/4-inch and 1.0 mm mesh sizes. 
The total mass percentage for 1/4-inch wet screening was 20.3%, 1/4-inch dry screening 
was 16.4%, 1.0 mm wet screening was 21.0%, and 1.0 mm dry screening was 16.6%. The 
p value for comparing all four methods was 0.938. Therefore, wet screening, dry 
screening, 1.0 mm mesh size, and 1/4-inch mesh size were not significant when 
comparing the total mass percentages of remains recovered with the four different 
screening methods (Figure 4.1). Overall, when comparing the total mass percentage of all 
recovered burned skeletal remains, no one screening method recovered a significant 
amount of skeletal remains more than any other screening method that was being 
compared in this study.  
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Figure 4.1. The total mass percentage of remains recovered between the different 
recovery methods. 
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Identified Remains Recovery Comparison 
The second comparison test was conducted in order to compare the recovery rates 
of the different skeletal elements within the quadrants. This Univariate ANOVA 
compared the recovery rates of the femur, tibia, humerus, ulna, scapula, mandible, and 
vertebral column. The total mass percentages of each skeletal element for all quadrants 
were compared. Overall, there was a total of ten elements that were compared in this test 
that resulted in the total mass percentage of recovered femora, tibiae, humeri, ulnae, 
scapulae, mandibles, vertebrae and ribs, identified long bones, axial, and appendicular 
elements being calculated in order to compare the recovery rates of these variables 
between all the combined quadrants.  Some long bone shaft fragments were not 
identifiable to a specific element, so the recovery rates of long bones were also compared 
in order to include these fragments. This was done by calculating the total mass 
percentage of all long bones within a quadrant before the burn and all identified long 
bone fragments that were recovered after the burn. The total mass percentage of 
identified long bone elements was calculated between all quadrants and compared to the 
other identified skeletal elements total mass percentages. The recovery rates of axial vs. 
appendicular elements was also compared in this analysis. The total mass percentage of 
identified axial and appendicular elements was calculated between all the quadrants and 
was also compared to the other identified skeletal elements. The total mass percentage of 
the recovery of the femora was 34.4%, tibiae was 30.6%, the humeri was 26.2%, the 
ulnae was 18.6%, the scapulae was 26.9%, the mandibles were 50.2%, the vertebral 
columns and ribs was 7.9%, the long bones were 30.2%, appendicular elements were 
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30.3%, and axial elements were 10.0%. After these numbers were compared, the p value 
for this comparison was 0.001. This p value indicates that the type of element recovered 
had a significant effect on the recovery rate of that element, despite the screening method 
used. Overall, some elements were more recoverable than other elements.  
Another Univariate ANOVA test was conducted to compare wet and dry 
screening methods with the total mass percentage of identified elements within each 
quadrant. The total mass of the identified elements (femora, tibiae, humeri, ulnae, 
scapulae, mandibles, vertebrae and ribs, long bones, axial, and appendicular elements) 
that were wet screened was divided by the total mass of the separate skeletal elements 
that were designated to be wet screened before the burn. This same process was 
conducted in order to determine the total mass percentage of identified elements using 
dry screening. The total mass percentage of recovered identified skeletal remains that 
were wet screened was 30.4%, and the total mass percentage of recovered identified 
skeletal remains that were dry screened was 21.4%. The resulting p value for this 
comparison was 0.051, which is not significant. Wet vs. dry screening methods did not 
vary significantly when comparing the amount of identified skeletal elements that were 
recovered. 
An ANOVA test was conducted that compared the total mass percentage of each 
separate element recovered (femora, tibiae, humeri, ulnae, scapulae, mandibles, vertebrae 
and ribs, long bones, axial, and appendicular) to the wet and dry screening methods. The 
total mass of each separate analysis was calculated for wet screening and dry screening 
methods after the burn which was divided by the total mass of those separate skeletal 
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elements that were designated with wet screening or dry screening methods before the 
burn. For each skeletal element, there was a separate total percentage for wet screening 
and dry screening methods so that the total mass percentage values could be compared in 
the statistical test. The total mass percentage of recovered femora skeletal remains was 
47.1% from wet screening and 24.0% from dry screening. The tibiae was 46.7% from wet 
screening and 8.1% from dry screening, The humeri were 19.3% from wet screening and 
35.8% from dry screening. The ulnae was 17.1% from wet screening and 18.9% from dry 
screening. The scapulae was 30.8% from wet screening and 16.9% from dry screening. 
The mandibles were 54.5% from wet screening and 44.8% from dry screening. The 
vertebrae and ribs were 4.6% from wet screening and 10.8% from dry screening. The 
long bones were 38.1% from wet screening and 21.5% from dry screening. The 
appendicular elements were 38.5% from wet screening and 21.4% from dry screening, 
and the axial elements were 7.2% from wet screening and 12.4% from dry screening. The 
first result in this test included only the comparison of the identified skeletal elements, 
which resulted in a p value of 0.000, which is significant. The next comparison in this test 
involved comparing the total mass percentage of the elements between the wet and dry 
screening methods, and the p value for wet vs. dry screening methods was 0.022, which 
is significant. The last step in this ANOVA test involved comparing the total mass 
percentage of each separate skeletal element for both wet and dry screening methods, and 
the p value was 0.080, which is not significant. Overall, this means that there is no 
interaction between the two variables, where the separate total mass percentages of each 
skeletal element recovered was not significantly influenced by wet screening or dry 
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screening. These skeletal elements were likely to be recovered by either screening 
method. The mass percent retrieved from each element was graphed by the screening 
methods used (Figure 4.2).   
Not all skeletal elements were burned equally, some long bones burned only 
slightly resulting in whole bones or the presence of separated proximal and distal ends. 
This gives the long bones a better chance of being recovered in larger pieces, giving an 
overall higher mass after the burn event. Bones that were not severely burned during the 
fire and remained whole retained a small amount of burned soft tissue that would give a 
larger mass for that element. Quadrant 1, which was wet screened, had two femora that 
remained whole due to their location on the floor board during the burn event. Quadrant 2 
had a whole tibia and femur remain whole since they were placed on the floor board and 
further protected by the melted dash board from the passenger side of the vehicle. 
Quadrant 4 had a femur, tibia, and humerus that remained whole during the burn event. 
Quadrant 6 had two femora, two tibiae, two humeri, and one ulna remain whole. 
Quadrant 7 had a femur and ulna remain whole during the burn event. Quadrant 8 had 
two femoras, one tibia, and one ulna remain whole during the burn event. All remaining 
whole bones had varying amounts of burned soft tissue adhering to the skeletal elements 
surface, however, Quadrants 2 and 6 resulted in unburned whole bones with associated 
soft tissue while the rest of the quadrants had burned whole bones that resulted in a small 
amount of adhering soft tissue to no soft tissue with mostly carbonized or partially 
calcined bone. The skeletal elements were purchased from the butcher with varying 
amounts of soft tissue adhering to the remains, where long bones had more adhering soft 
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tissue adhering to the proximal ends but very little soft tissue adhering to the shaft of the 
long bones, and the soft tissue will affect how the bones burn and their mass after the 
burn event. Wet or dry screening did not have an effect on the amount of skeletal remains 
recovered by element.  
 
 
Figure 4.2. The mass percent retrieved of each skeletal element and by screening 
method. 
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Identified Remains Comparison of Wet Vs. Dry Screening 
A Univariate ANOVA was used to compare wet and dry screening methods using 
the total mass percentage of identified skeletal remains as a whole. The total mass 
percentage of identified skeletal elements that were wet screened was calculated by 
dividing the total mass of the identified skeletal elements after the burn by the total mass 
the skeletal elements before the burn. The total mass percentage of identified remains 
recovered from wet screening was 18.75%, and the total mass percentage of identified 
remains recovered from dry screening was 15.09%. The ANOVA test resulted in a p 
value of 0.421, which is not significant. The amount of identified skeletal remains that 
was recovered was not significantly different between the wet and dry screening 
methods. Figure 4.3 represents the total mass of identified remains with the associated 
screening method used. Screen mesh sizes were not tested since the identified skeletal 
remains would have been recovered using either 1.0 mm or 1/4-inch screen sizes.  
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Figure 4.3. The total mass retrieved of identified remains in relation to wet and dry 
screening methods.  
 
Car Seat Comparison 
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from the passenger back seat was 24.2%. The p value from this test was 0.337, which is 
not significant. The placement and location of the remains in the car did not have a 
significant effect on the amount of skeletal remains that was recovered. Figure 4.4 
represents the mass percent of remains retrieved in relation to the area of the car the 
remains were recovered from. 
A separate univariate ANOVA was used to compare the amount of skeletal 
remains recovered with wet and dry screening methods and their location in the vehicle. 
The same calculation used previously was conducted to calculate the total mass 
percentage of remains recovered using wet or dry screening with the four quadrants of the 
vehicles. The total mass percentage of remains recovered in the four areas of the car that 
used wet screening (Car 1 driver side front and back, Car 2 passenger side front and 
back) was 42.0%. The total mass percentage of remains recovered in the four areas of the 
car that used dry screening (Car 1 passenger side front and back, Car 2 driver side front 
and back) was 33.2%. The p value was 0.281, which is not significant. Overall, wet or 
dry screening method did not have a significant effect on the amount of skeletal remains 
recovered in the different locations of the cars.  
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Figure 4.4. The mass percent of remains retrieved in relation to the area of the car 
the remains were recovered from. 
 
Coloration 
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3 had fragments with N8.75 (white), N8.5 (white to light gray), N7.75 (light gray), 2.5Y 
6/1 (gray), 5Y 4/1 (dark gray), Gley 2 6/5B (bluish gray), Gley 2 4/5PB (dark bluish 
gray), N.5 (black), 2.5Y 7/4 (pale yellow), 10YR 6/4 (light yellowish brown), 10YR 5/4 
yellowish brown), 7.5 YR 5/3 (brown) colors present. Quadrant 4 had fragments with 
N8.5 (white to light gray), 2.5Y 6/1 (gray), 5Y 4/1 (dark gray), Gley 2 6/5B (bluish gray), 
N.5 (black), 2.5Y 7/4 (pale yellow), and 10YR 5/4 (yellowish brown) colors present 
within the burned skeletal fragments.  
 Within car number 2, quadrant 5 had skeletal fragments with N8.5 (white to light 
gray), N7.75 (light gray), 5Y 4/1 (dark gray), N.5 (black), and 7.5YR 5/3 (brown) colors 
present. Quadrant 6 had skeletal fragments with N8.5 (white to light gray), 5Y 5/1 (dark 
gray), N.5 (black), 2.5Y 5/4 (light olive brown), 2.5Y7/4 (pale yellow), and 7.5YR 3/2 
(dark brown) colors present. Quadrant 7 had skeletal fragments with N8.5 (white to light 
gray), 2.5Y 6/1 (gray), 5Y 4/1 (dark gray), Gley 2 6/5B (bluish gray), N.5 (black), 2.5Y 
7/4 (pale yellow), 7.5YR 5/3 (brown), and 2.5YR 4/3 (reddish brown) colors present. 
Quadrant 8 had skeletal fragments with N8.5 (white to light gray), N8.25 (light gray), RY 
7/5Y (light gray), 2.5Y 6/1 (gray), 5Y 4/1 (dark gray), Gley 2 6/5B (bluish gray), N.5 
(black), 10YR 6/4 (light yellowish brown), 7.5YR 5/3 (brown), and 7.5YR 3/2 (dark 
brown) colors present within the burned skeletal fragments.  
In quadrants 2 and 6, which were the passenger front seat of both vehicles, a tibia 
and femur became trapped underneath the melted remnants of the dash board. In order to 
recover these skeletal elements a crowbar and a hatchet had to be used to lift and remove 
portions of the dashboard. This process took at least an hour for both quadrants. The 
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skeletal elements were also mostly unburned with only the end that was not covered by 
the dashboard charred from the fire. Therefore, quadrants 2 and 6 resulted in more 
unburned whole bones with associated soft tissue being recovered when compared to the 
rest of the quadrants.  
 The coloration of the whole bones was mostly tan and had some soft tissue still 
adhering to the remains but less than when they were placed in the vehicle before the 
burn event. Only the portions of bone not covered by the dashboard (which was the distal 
or proximal ends of the long bones) was carbonized (N.5 black). The rest of the skeletal 
remains were a combination of carbonized (N.5 black) and calcined (N9.5 white; N8.75 
white). Larger portions of bone, like the proximal ends of long bones or thicker portions 
of the mandible, were carbonized. Smaller elements, like small rib fragments or thin 
portions of the scapula, were calcined. Other skeletal elements, like the vertebral bodies 
or long bone shafts, were an equal mix of carbonized and calcined. Some proximal ends 
of long bones and some lumbar vertebrae had charred soft tissue adhering to the bone.  
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DISCUSSION 
Burning Process 
 The cars used in this study were each a different make and model, which could 
have had an effect on how the cars burned, since they burned in slightly different ways. 
Car 1, which was a Toyota Prius, caught on fire, and the windows melted and broke 
down earlier in the burn process than car 2. Car 2 was burned before Car 1. Car 2 was a 
Volkswagen Jetta, had more physical/chemical reactions to the fire which resulted in very 
small explosions. Car 1 had less physical/chemical reactions since the Holliston Fire 
Department personnel took extra measures to prevent this from happening before the 
second burn event began.  
The cars were burned on a day with significant sun exposure and a slight wind 
which could have affected the pattern of burning observed in the remains between the 
different zones of the vehicle. For example, it took a longer time for the windows of car 2 
to break or melt from the heat of the fire, where the front windshield did not break until 9 
minutes had passed and the other windows melted into the car after 14 minutes of the 
burn event. The windows of car 1 broke within the first 6 minutes of the burn event. 
Therefore, it is likely that the wind contributed to a more intense fire in car 1, while the 
material in car 2 were less burned, likely from the windows remaining intact on the 
vehicle for a longer period of time and blocking the air flow. The cars were facing north 
and the wind was blowing from the east towards the west. This means that the wind was 
entering through the passenger side windows after the glass melted or broke into the 
vehicle. The wind likely created a more intense fire within the vehicles and created a 
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more intense environment on the driver side of the vehicle, since quadrants on the driver 
side of the vehicles resulted in more fragments than quadrants on the passenger side of 
the vehicles. While it is noted that transportation and handling of the remains could result 
in more fragmentary remains, the number of fragmented skeletal elements was recorded 
after very little transportation and handling of the burned skeletal remains.  
 
Recovery Methods 
Screen Size 
When comparing the total mass percentage retrieved from the quadrants and 
comparing the use of the different screening methods, no one screening method was 
significantly better than another screening method. The screening methods resulted in a 
similar amount of remains being recovered from the quadrants. When utilizing the 
different screen sizes, the 1/4-inch screen size was placed on top of the 1.0 mm screen 
size. It was assumed that the 1.0 mm screen size would also retrieve the material that was 
caught in the 1/4-inch screen. The skeletal remains that fell through the 1/4-inch screen 
were extremely small and unidentifiable. While the 1.0 mm screen assisted in recovering 
more skeletal remains, there was not a significant amount more. The additional material 
retrieved from the 1.0 mm sized screen fit in a small zip lock bag and the mass ranged 
from 1.0 gram up to 18.0 grams between the eight quadrants. After screening using the 
1/4-inch size screen, which on average between wet and dry screening took three hours, 
the ash that fell through the 1/4-inch screen into the 1.0 mm size screen took 1-2 hours 
depending on wet or dry screening methods and the degree that the remains were burned 
 72 
in that quadrant. The ash and fragmented pieces of remains that were retrieved with the 1 
mm screen had to be sorted more slowly than the 1/4-inch screen. The ash did not easily 
fall through the 1.0 mm screen, so small portions of the ash had to be sorted through at a 
time in order to pick out the small skeletal fragments. This added on average another hour 
to the screening process for each quadrant.  
 
Wet vs. Dry screening 
 Dry screening was slightly easier than wet screening and on average took less 
time. Since the screens were placed on the ground, the debris had to be pushed around on 
the screen instead of standing the screens up on the legs and shaking the screens back and 
forth to sift the remains. Only a portion of the bucket could be screened at a time; 
otherwise, the remains could not be moved around and screened properly. As remains 
were revealed from screening they were removed from the debris on the screen and 
bagged. During dry screening, it was harder to tell what was bone and what was a piece 
of the car, since some debris from the car melted and looked like bone. Also, all debris 
was black, gray, or white.  
 During the wet screening process, the skeletal remains were easier to locate 
within the debris. The water washed away the ash from the pieces of glass and metal so 
that they shone through the debris when the sunlight was on them. This made it easier to 
pick out and discard the debris from the car and subsequently locate and bag the skeletal 
remains. Quadrants 1, 3, and 8 that were wet screened took 1-2 hours longer than dry 
screening quadrants 2, 4, 5, and 7. The exception to this was quadrant 6, which was also 
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wet screened but had mostly whole bone and very few fragments that were recovered 
after burning. Quadrant 6 took an hour less than to wet screen than all four quadrants that 
were dry screened.  
While wet screening made it easier to differentiate between skeletal remains and 
car debris in the 1/4-inch screen, the water made it more difficult to sort through the ash 
that was caught in the 1.0 mm size screen. The ash would not fall through the 1.0 mm 
screen easily which resulted in the screen holding water until the remains were moved 
around the screen. Since the skeletal remains retrieved from the 1.0 mm screen were so 
small, the wet ash within the screen made it difficult to recover these fragmented pieces 
and made them more fragmentary where some pieces further fragmented when they were 
removed from the screen.  
While the author hypothesized that wet screening would result in more skeletal 
remains being recovered when compared to dry screening, the results of the statistical 
analysis indicated that wet screening did not significantly recover more skeletal 
fragments than dry screening. Wet screening did however recover more skeletal 
fragments compared to the amount of skeletal remains recovered from dry screening. The 
author also hypothesized that 1.0 mm mesh size would recover more skeletal remains 
than 1/4-inch mesh size. Even though the 1.0 mm mesh size did not recover a significant 
amount more skeletal remains, nor aid in the recovery of more identifiable skeletal 
fragments, the 1.0 mm mesh size resulted in the recovery of more skeletal material.  
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Recovery Comparison 
Overall, the total mass percentage retrieved from the screening methods was not 
significant between all screening methods. This means that the screening methods 
recovered a similar amount of skeletal remains, by mass. The comparison of identified 
skeletal remains also had similar results. The comparison of identified skeletal remains 
did not include screen size, since the 1.0 mm screen size did not yield any identified 
fragments. It is likely that the screening methods resulted in similar amounts of skeletal 
remains being recovered, because the screening process was conducted by one individual 
who was not rushed for time. Also, the burn event resulted in a number of larger skeletal 
remains, such as the proximal ends of long bones, the mandibles, and vertebral columns 
that fused together. Even though wet screening involved the use of water to wash away 
ash from the remains, both types of screening were conducted in a similar manner where 
the remains were gently pushed across the screen in order to reveal skeletal fragments 
and sift out ash and debris.  
Tests were conducted to compare the recovery rates between the areas or 
quadrants of the cars. There was no significant difference in the mass recovered from the 
car areas. Even though quadrants 2 and 6 resulted in more whole bones due to the 
protection provided from the dashboard, this did not significantly alter the mass retrieved 
from the quadrants. Therefore, the recovery methods used to retrieve the skeletal remains 
from each area of the car provided the most complete recovery possible. Comparing the 
area of the car along with wet and dry screening could not be done, since the order of wet 
and dry screening was flipped between vehicles, which means there was not enough 
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variables for the test to be run.  
The recovery rates of the different skeletal elements was significant. This is 
because the shape and size of the remains will affect the recovery rate. For example, long 
bones were more easily recovered, even in fragmentary conditions, because the bones are 
more dense and structured in a way that results in larger fragments after being burned. 
Smaller and thinner elements will burn more quickly and fragment more easily than 
larger thicker ones. For example, the blade of a scapula or ribs will result in smaller 
fragments that would be more difficult to recover even when using screening methods. 
When comparing the mass recovery percentage of the skeletal elements with wet and dry 
screening there was a significant difference between the skeletal elements being 
recovered between the two methods. This is also due to the size and shape of the remains 
and how they burned in the fire.  
Teeth were recovered separately, outside of the mandible, in quadrants 1-5, and 7-
9. Quadrant 6 recovered a nearly whole mandible that had the teeth still sitting within the 
alveolar process. Quadrant 1 recovered 8 teeth, quadrant 2 recovered 6 teeth, quadrant 3 
recovered 4 teeth, quadrant 4 recovered 4 teeth, quadrant 5 recovered 7 teeth, quadrant 7 
recovered 6 teeth, and quadrant 8 recovered 3 teeth. All teeth were carbonized (black) 
and only the outermost layer of the tooth was still intact with the inside of the tooth 
burned away. During recovery they were placed in separate plastic bags and did not 
further fragment at any point during transportation or lab analysis.  
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Coloration of Remains 
 After the burn event the skeletal remains resulted in a mixture of carbonized and 
calcined remains. The white-tailed deer remains were a mixture of black and white which 
related to the decomposed state of the remains. The skeletal remains were carbonized and 
calcined after a short time within the burn environment because of the small amount of 
adhering soft tissue to the skeletal remains and their disarticulated state before the burn 
event. Skeletal elements that had more soft tissue than other skeletal elements tended to 
result in more carbonized remains, while the skeletal elements with less adhering soft 
tissue were more calcined and fragmented. For example, the proximal ends of long bones 
were more whole and only carbonized because they had a larger amount of soft tissue 
attached to them than other skeletal elements did. The shafts of the long bones tended to 
be calcined or partially calcined because the majority of long bone shafts had no soft 
tissue attached to them. Having no soft tissue attached to the shafts of the long bones 
could have also affected their identifiability since the long bone shaft fragments were 
typically broken into small enough fragments that they could not be attributed to any one 
skeletal element but could be identified as a portion of a long bone.   
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CONCLUSIONS 
 
Recovery Protocols 
 SWGANTH (2013) has generalized guidelines for forensic archaeologists or 
anthropologists to follow when recovering skeletal remains from burned environments 
and several other individuals have developed systems and protocols that they follow 
when recovering remains from a burned vehicle scenario (Dirkmaat et al. 2012; 
Fairgrieve 2008). While conducting the present study, some protocols from forensic 
anthropologists or archaeologists (Dirkmaat et al. 2012; Fairgrieve 2008) were followed 
in order to understand better what procedures worked best during the  recovery process. 
 Based on the current study, it is recommended that before beginning the recovery 
process within the two burned vehicles, it was important to take precautions by wearing 
personal protective equipment. Burned vehicles give off toxic fumes, therefore, for the 
recovery process it is incredibly important to wear goggles or glasses, face masks, long 
sleeves, long pants, thick gloves, and to tie back any long hair. This will help to prevent 
from inhaling any harmful toxins and any cuts or scratches from exposed wires and 
broken glass within and around the vehicle. It is recommended that at a minimum these 
items should be worn or utilized during the recovery process.  
All photographs were taken with a standard smartphone due to easy access. When 
recovering crime scenes, these photographs would be taken with professional cameras by 
crime scene recovery personnel or the individual excavating them. This research did not 
focus on documenting where the remains were located after the burn event was 
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conducted because the focus was on recovery and the skeletal elements were 
disarticulated before the burn. Therefore, the position in which the skeletal remains lay 
after the burn was not significant to note for this specific project. Photographs were taken 
after the burn event of each quadrant to show what skeletal elements could be seen and 
identified in situ.   
 After the photographs were taken, large debris from the vehicle was placed into a 
bucket for disposal. This was done to clear the debris from above and around the skeletal 
remains as suggested by SWGANTH (2013). This assisted in providing increased 
visibility of the skeletal remains and ash debris matrix. Removing the larger debris also 
prevented causing further damage to the skeletal remains that were identifiable in situ. 
Removing the larger debris should be done carefully as to not disturb the fragile skeletal 
remains. Larger debris typically included wiring from the metal frame of the seats, large 
fragments of glass, and metal pieces, such as the metal buckles from the seat belts. After 
the large debris was carefully removed and placed into a bucket, a new five-gallon bucket 
was retrieved to begin the recovery process. 
Larger skeletal elements that could be easily seen within the remaining ash and 
debris matrix were identified in situ before recovery. Elements that tended to be 
identified in situ included the proximal ends of long bones, the mandibles, and some 
vertebral columns. The mandibles were typically recovered whole or in right or left sides, 
and fragmented less than other bones since they were very dense. Vertebrae that were 
identifiable in situ were from quadrants where the carbonized vertebrae fused together 
during the burn event resulting in one long vertebral column to be recovered from the 
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seat area of the quadrant. After the larger skeletal fragments were identified they were 
placed in a labeled paper bag with the identity of the skeletal element and the quadrant it 
was recovered from. The paper bags were used because even though the cars were left to 
cool down and dry overnight, the remaining ash and debris matrix was still damp when 
the recovery process started for car 1. Therefore, paper bags were best to use so that they 
could absorb the excess moisture on the skeletal fragments before they could be 
transported to the laboratory to dry. The labeled paper bags were then placed into the 
second five-gallon bucket which was also labeled with the quadrant number using 
masking tape and a permanent marker to ensure that all skeletal remains were 
documented under the appropriate quadrant numbers. It is recommended that paper bags 
be used if the skeletal remains are still damp in order to help absorb excess moisture, and 
a permanent marker should be used for labeling the outside of the bag with the identity 
and quadrant number they were recovered from so that the context of the skeletal remains 
could be documented in the laboratory. After the large skeletal fragments were identified 
and recovered, the small ash and debris matrix was collected. 
The small ash and debris matrix was collected using a small bristle brush and a 
dust pan. These items were extremely useful in sweeping up the last of the debris left 
within the quadrant. At this point, no skeletal elements could be easily discovered or 
differentiated from the rest of the ash and debris matrix. Because of this, debris was 
swept into the dustpan and placed into the third five-gallon bucket, which was also 
labeled by its quadrant number using masking tape and a permanent marker. The ash and 
debris matrix were gently poured into the bucket to try to prevent further fragmentation 
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of the skeletal remains. It is recommended that a small soft bristle brush and dustpan be 
used to sweep up the rest of the ash and debris matrix within the vehicle. For hard to 
reach areas, such as the space between the seat and center console of the vehicle, small 
make-up brushes were used to sweep the ash and debris matrix out into the open. This 
helped to ensure that all skeletal remains were collected in case some fell into these areas 
during the burn event. Using these items will ensure that all possible skeletal remains are 
recovered from the vehicle for the screening process and potentially will limit further 
break down of the fragile skeletal elements during recovery and handling of the skeletal 
remains.  
During these two burn events, both front passenger seat quadrants had skeletal 
elements that were protected by the melted materials from the dashboard of the vehicles. 
These elements included femora and tibiae, since those items were placed on top of the 
floorboards. In this instance, the only accessible tools were a crow bar and a hatchet. 
Therefore, these tools were utilized in order to retrieve the whole skeletal elements from 
under the melted dashboard. The hatchet was unable to cut through the melted dashboard 
materials, and instead bounced off of the surface when hit with the blade of the hatchet. 
The crow bar had to be used to lift up the melted dashboard as much as possible. The 
blade of the hatchet was used to try and scoop out the skeletal element from underneath 
the melted dashboard by sliding the blade between the melted dashboard and floorboard 
surface to get to the end of the bone most covered by the melted dashboard and pushing 
the whole bone out from underneath the melted dashboard. The crowbar was unable to 
lift the melted dashboard high enough so that the bone could be easily pulled out from 
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underneath it. It is recommended that forensic recovery personnel get different equipment 
that is more capable of removing the melted dashboard from above the remains by cutting 
it out and lifting the melted dashboard up. This could help to prevent severe damage to 
the whole skeletal elements so that they can be analyzed for trauma and the biological 
profile can be conducted. Therefore, a crowbar and hatchet are not recommended for this 
type of recovery process.  
After the whole skeletal elements were recovered and the quadrants were cleaned 
of all ash and debris matrix, the buckets that contained identified skeletal fragments and 
ash and debris matrix were transported to the ORF to undergo the different screening 
processes that were to be tested. 
 
Screening Recovery Techniques 
 Dry screening is typically used in most archaeology sites and forensic recovery 
scenes, especially in contexts where the substances being screened are from dry 
conditions (Payne 1972). Wet screening is used in cases where it is more difficult to 
screen sediment, like those that are clay like or damp, which allows for the extra water to 
push the sediment through the screen (Payne 1972). In the present study, both screening 
methods resulted in a similar amount of remains being recovered from the quadrants of 
the vehicles. While wet screening took slightly longer than dry screening, it helped with 
the visibility of the remains within the 1/4-inch screen, because it washed away the ash 
that coated metal and glass pieces from the vehicle. The ash and debris matrix dissolved 
to the point of better visibility, as observed during the field collection and screening 
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process, however; no data were collected on this, and in turn it is not quantified in any 
manner. Wet screening using the 1.0 mm screen was more difficult than dry screening, 
because the water did not help to push the ash matrix from the quadrants, and instead was 
held within the screen for an extended period of time, causing water to pool on top of the 
clogged mesh screen until the ash was pushed around using a gloved hand to move the 
larger debris off of the mesh screen surface, which in turn allowed for the dissolved ash 
matrix to pass through the mesh. The larger debris is likely a result of the combination of 
burned car materials and hay which did not fully burn during the burn event. The 
remaining smaller pieces of burned hay easily fell through the 1/4-inch screen but had 
difficulty passing through the 1 mm screen resulting in the retention of water. It is 
recommended to use wet screening if the visibility of the remains is an issue and to help 
preserve fragile remains even though wet and dry screening had similar statistical results. 
 Both 1/4-inch and 1.0 mm screen sizes resulted in a similar amount of skeletal 
remains being recovered. The skeletal remains recovered from the 1.0 mm screen size 
were significantly small, unidentifiable, and had a mass on average about a few grams for 
each quadrant. Utilizing the 1/4-inch screen size, it took about 2-3 hours to screen each 
quadrant. When sifting through the 1.0 mm sized screen debris, the process took at least 
another hour. The burned hay pieces would not fall through the screen and had to be 
sorted through in sections to locate the skeletal remains trapped within the debris. Real 
fatal fire scenarios likely will not have to deal with burned hay which could result in a 
faster screening process for the 1.0 mm sized screen than indicated in this study. Overall, 
a smaller screen size than 1/4-inch, such as the 1.0 mm mesh screen size, is 
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recommended for the recovery of burned skeletal remains. The smaller mesh screen size 
will ensure that all possible skeletal fragments will be recovered to help with analysis and 
ensuring that all skeletal remains will be returned to the family for the burial process.  
 
Future Research 
 The present research was conducted to provide statistical data on which recovery 
protocols were most effective for use in burned vehicle scenarios and which screening 
methods are best for burned skeletal remains. While this study focused on wet screening, 
dry screening, 1/4-inch mesh size, and 1-mm mesh size screening methods, future 
research and data collection should include the use of other screening methods and mesh 
size. For example, data on the recovery of burned skeletal remains using 1/8-inch mesh 
screen size should be conducted due to the number of authors that suggested 1/8-inch 
mesh screen size should be utilized in fatal fire scenes compared to 1/4-inch mesh screen 
sizes. The 1/8-inch mesh screen size was not used in this study, since the author had 
access to only 1/4-inch mesh screens and 1 mm mesh screens.  
 It would also be recommended to have a larger sample size, including the burning 
of more vehicles and a higher number of skeletal elements. When testing the recovery 
rates between the different areas of the vehicle, the sample size was not large enough for 
statistical tests to be conducted. Also, the skeletal remains did not burn to the equivalent 
extent in the Volkswagen Jetta as the remains in the Toyota Prius, which resulted in the 
recovery of more whole bones. Further research with more vehicles and vehicles of 
different make and models could help to provide more data and further conclude what 
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screening methods are best, and to further define the recovery protocols of skeletal 
remains from a burned vehicle scenario.  
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